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Response to Amendment 

1 . This office action is responsive to communication(s) filed on 12/22/04. 
Claims 1-15, 17, 20-23 are pending. 

Claims 1,11, 20-23 have been amended. 

2. Applicant's arguments with respect to independent amended claims 1,11,21 and 
other dependent claims 2-15, 17, 21-23 have been considered but are moot in view of 
the new ground(s) of rejection. 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject matter 
as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall 
not be negatived by the manner in which the invention was made. 

4. Claims 1, 2, 4-6, 9-10 are rejected under 35 U.S.C. 103 (a) as being 
unpatentable over Chang et a!., U.S. Patent No. 6,380,029, in view of Tsukamoto et 
al., U.S. Patent No. 5,943,592. 
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Regarding claim 1 , Chang et al. discloses a method of forming a gate in a 
non-volatile memory device comprising (See Fig. 2E-2F and Cols. 3-8): 

forming a tunnel dielectric layer 42 on a semiconductor substrate 40 (See 

Fig. 2E); 

forming a floating gate layer 44 on the tunnel dielectric layer; 
forming an integrate dielectric ONO layer 46 on the floating gate; 
forming a control gate layer 48 on the ONO layer; 
forming metal silicide 50 on the control gate; 
annealing the structure (line 67, Col. 7); 

patterning the silicide layer, control gate layer, the ONO layer, and the 
floating layer to form gate stack (Fig. 2F). 

The control gate layer is formed comprising an in-situ doped silicon layer on the 
dielectric layer (doped silicon in CVD, lines 47-55, Col. 7). 

However, Chang fails to disclose the step of forming the control gate comprising 
the steps of forming amorphous silicon layer on the integrate dielectric layer, thereafter, 
crystallizing the amorphous silicon layer by annealing the control gate layer. 

Tsukamoto et al. discloses the method of forming a semiconductor device 
comprising: forming a floating layer 16 on the tunnel dielectric layer (12, 15), forming an 
integrate dielectric layer 17 over the floating gate layer, forming a control gate layer 
comprising the steps of forming doped amorphous silicon layer 18 over the integrate 
layer (Figs. 2B-2C), thereafter, crystallizing the amorphous silicon layer 18 by annealing 
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the control gate layer 18 to form crystallized silicon layer 21 (21, Fig. 2D; lines 59-63, 
Col. 5). It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to form control gate layer by forming amorphous silicon layer and 
then crystallizing the amorphous silicon layer because the control gate layer is formed 
by crystallizing the amorphous silicon layer to form polycrystal silicon layer would yield a 
greater grain size layer compare to polysilicon layer in order to reduce ions diffusion, 
thus suppress voltage fluctuation. 



Regarding claim 2, Chang et al. and Tsukamoto et al. disclose the limitations of 
claim 1 and Chang further discloses the step of forming of floating gate layer comprises 
forming polysilicon (line 4, Col. 7). 

Regarding claim 4, Chang et al. and Tsukamoto et al. disclose the limitations of 
claim 1 and Chang further discloses wherein the integrate dielectric layer comprises 
ONO (lines 18-20, Col. 7). 

Regarding claims 5, 9-10, Chang et al. and Tsukamoto et al. disclose the 
limitations of claim 1 , Chang et al. further discloses the control gate material is 
polysilicon and the annealing the control gate comprises RTA at temperature of about 
between 800-1000 oC (lines 47-67, Col. 7; RTA at 900 oC). 
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Regarding claim 6, Chang et al. and Tsukamoto et al. disclose the limitations of 
claim 1 , Tsukamoto et al. further discloses wherein the control gate layer comprises 
amorphous silicon. 

5. Claim 3 is rejected under 35 U.S.C. 103 (a) as being unpatentable over 
Chang et al., U.S. Patent No. 6,380,029, in view of Tsukamoto et al., U.S. Patent 
No. 5,943,592, and further in view of Yeh, U.S. Patent No. 5,045,488. 

Regarding claim 3, Chang et al. and Tsukamoto et al. disclose the limitations of 
claims 1 and 2, but fail to disclose wherein forming a floating gate layer comprises 
forming amorphous silicon. Yeh discloses the step of forming floating gate by forming 
amorphous silicon 22 (Fig. 3A) and then annealing the amorphous silicon to form 
polycrystal silicon floating gate (abstract). It would have been obvious to one having 
ordinary skill in the art at the time the invention was made to form floating gate layer by 
forming amorphous silicon layer and then crystallizing the amorphous silicon layer 
because the floating gate layer is formed by crystallizing the amorphous silicon layer to 
form polycrystal silicon layer would yield a greater grain size layer compare to 
polysilicon layer in order to reduce ions diffusion, thus suppress voltage fluctuation. 

6. Claims 7-8 are rejected under 35 U.S.C. 103 (a) as being unpatentable over 
Chang et al., U.S. Patent No. 6,380,029, in view of Tsukamoto et al., U.S. Patent 
No. 5,943,592, and further in view of U.S. Patent No. Zhang et al., U.S. Patent No. 
6,413,805. 
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Regarding to claims 7-8, Chang et al. and Tsukamoto et al. disclose the 
limitations of claim 1 but fail to disclose wherein annealing the control gate layer 
comprises furnace annealing at a temperature of about 600-950 oC. Tsukamoto et al. 
discloses the annealing process if performed to crystallize the amorphous silicon layer 
at a temperature of about 650 oC (line 60, Col. 5). However, Zhang et al. discloses the 
use of furnace annealing to crystallize the amorphous silicon layer at the temperature 
that falls into the range cited in claim 8. It would have been obvious to one having 
ordinary skill in the art at the time the invention was made to anneal the amorphous 
silicon layer using furnace annealing because furnace annealing can heat the substrate 
at a lower temperature compare to other annealing process such as lamp or excimer 
laser, thus, avoiding the damage of the substrate. 

7. Claims 11-14 are rejected under 35 U.S.C. 103 (a) as being unpatentable 
over Chang et al., U.S. Patent No. 6,380,029, in view of Yeh, U.S. Patent No. 
5,045,488. 

Regarding claim 1 1 , Chang et al. discloses a method of forming a gate in a non- 
volatile memory device comprising (See Fig. 2E-2F and Cols. 3-8): 

forming a tunnel dielectric layer 42 on a semiconductor substrate 40 (See 

Fig.2E); 

forming a first silicon layer as a floating gate layer 44 on the tunnel 
dielectric layer; 
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forming an integrate dielectric ONO layer 46 on the floating gate; 
forming a second silicon layer as a control gate layer 48 on the ONO 

layer; 

forming metal silicide 50 on the control gate; 
annealing the structure (line 67, Col. 7); 

patterning the silicide layer, control gate layer, the ONO layer, and the 
floating layer to form gate stack (Fig. 2F). 

Chang et al. fails to disclose the annealing process is furnace annealing. 
However, Yeh discloses the annealing process is furnace annealing. It would have 
been obvious to one having ordinary skill in the art at the time the invention was made 
to use furnace annealing because furnace annealing can heat the substrate at a lower 
temperature compare to other annealing process such as lamp or excimer laser, thus, 
avoiding the damage of the substrate. 

Regarding claim 12, Chang et al. and Yeh disclose the limitations of claim 1 1 and 
Chang further discloses the step of forming the first silicon layer comprises forming 
polysilicon (line 4, Col. 7). 

Regarding claim 13, Chang et al. and Yeh disclose the limitations of claim 11 and 
Yeh further discloses the step of forming the first silicon layer comprising forming 
amorphous silicon 22 (Fig. 3A). 

Regarding claim 14, Chang et al. and Yeh disclose the limitations of claim 1 1 and 
Chang further discloses the step of forming the second silicon layer comprises forming 
polysilicon. 
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8. Claim 15 is rejected under 35 U.S.C. 103 (a) as being unpatentable over 
Chang et al., U.S. Patent No. 6,380,029, in view of Yeh, U.S. Patent No. 5,045,488, 
and further in view of Tsukamoto et al., U.S. Patent No. 5,943,592. 

Regarding claim 15, Chang et al. and Yeh disclose the limitations of claim 1 1, but 
both fail to disclose wherein forming the second silicon layer comprises forming 
amorphous silicon. Tsukamoto et al. discloses the method of forming a semiconductor 
device comprising: forming a floating layer 16 on the tunnel dielectric layer (12, 15), 
forming an integrate dielectric layer 17 over the floating gate layer, forming a control 
gate layer comprising the steps of forming doped amorphous silicon layer 18 over the 
integrate layer (Figs. 2B-2C), and then crystallizing the amorphous silicon layer 18 by 
annealing the control gate layer 18 to form crystallized silicon layer 21 (21, Fig. 2D; lines 
59-63, Col. 5). It would have been obvious to one having ordinary skill in the art at the 
time the invention was made to form control gate layer by forming amorphous silicon 
layer and then crystallizing the amorphous silicon layer because the control gate layer is 
formed by crystallizing the amorphous silicon layer to form polycrystal silicon layer 
would yield a greater grain size layer in order to reduce ions diffusion, thus suppress 
voltage Vth fluctuation. 

9. Claim 17 is rejected under 35 U.S.C. 103 (a) as being unpatentable over 
Chang et al., U.S. Patent No. 6,380,029, in view of Yeh, U.S. Patent No. 5,045,488, 
and further in view of Zhang et al., U.S. Patent No. 6,413,805. 
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Regarding claim 17, Chang et al. and Yeh disclose the limitations of claim 11 but 
fail to disclose the temperature of furnace annealing is about 600-950 oC. Zhang 
disclose the furnace annealing is occurred at the temperature in the range cited in claim 
17. It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to anneal the amorphous silicon layer at low temperature of about 
600-950 because furnace annealing at low temperature can heat the substrate at a 
lower temperature compare to other annealing process such as lamp or excimer laser 
or RTA, thus, avoiding the damage of the substrate and controlling the annealing 
process is much easier. 

Claim Rejections - 35 USC § 102 

1 1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1 02 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

12. Claims 20-23 are rejected under 35 USC 102 (a) as being anticipated by 
Chang et al., U.S. Patent No. 6,380,029. 

Regarding claim 20, Chang et al. discloses a method of forming a gate in a non- 
volatile memory device comprising (See Fig. 2E-2F and Cols. 3-8): 

forming a tunnel dielectric layer 42 on a semiconductor substrate 40 (See 

Fig. 2E); 

forming a first silicon layer 44 on the tunnel dielectric layer; 
forming an integrate dielectric ONO layer 46 on the floating gate; 
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forming a second silicon layer 48 on the ONO layer; 

forming metal silicide 50 on the second silicon layer; 

annealing the resultant structure (line 67, Col. 7); 

patterning the silicide layer, control gate layer, the ONO layer, and the 
floating layer to form gate stack (Fig. 2F). 

Although Chang et al. doesn't mention the thickness variation of the ONO layer 
and a bird's beak at the interface between the ONO and the second silicon layer. It is 
inherent that when the second silicon is a crystallized material, the layer is not affected 
by thermal oxidizing process which resulting in bird's beak and variation of the thickness 
of the ONO layer. In other word, when the second silicon layer is a crystallized material, 
the variations of gate bird's beak is very small because of low impurity concentration 
occurred in crystallized silicon, producing no oxidation rate increasing effect, thus, 
variation of ONO layer is suppressed due to the reduction in the variation of the gate 
bird's beak. 

Regarding claim 21, it is inherent that RTA is performed in an ambient including 
an inert gas. 

Regarding claims 22-23, Chang et al. discloses wherein forming a metal silicide 
layer comprises using dichlorosilane gas to form a tungsten silicide layer (lines 57-63, 
Col. 7) and wherein the annealing is performed after forming the tungsten silicide layer 
(line 67, col. 7). 
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1 3. When responding to the office action, Applicants' are advice to provide the 
examiner with the line numbers and page numbers in the application and/or references 
cited to assist the examiner to locate the appropriate paragraphs. 

A shortened statutory period for response to this action is set to expire 3 (three) 
months and 0 (zero) day from the day of this letter. Failure to respond within the period 
for response will cause the application to become abandoned (see M.P.E.P 710.02(b)). 

Conclusion 

14. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thao P. Le whose telephone number is 571-272-1785. 
The examiner can normally be reached on M-T (7-6). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, David Nelms can be reached on 571-272-1787. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 




Thao P. Le 
Examiner 
AU 2818 



